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A bstr a ct
Se a wifs s ate”ite im age s ofthe B C c o a st a nd Gulfof A[a ska ha v ebe e n
c ollected atthe In stitute of Oc e a nScie n c e s sin c ethe first tra n s mis sio n s
bega njn Septe n lbe r1997. Im age data a r e r e c eiv ed a nd sto red. a nd a r elate r
de- cry pted usingdelayed(re s e a r ch)keys. Quickl o ok im age s a rethe n u s ed
to s eLe ct s e ctio n s ofpa s s e sfo rpro c e s s l ng With the N A SA Se ada s s oftw a r eto
ge om etric a”y c o re cted (le v el 3) produ cts. T his pape rpr e s e nts a fir st
a s ses s m e nt ofthe r e s ulting s e rie s ofim age s, which sho w w ate r-[e a vl ng
r adia nce and chkw ophyl]distributio n s o n abo ut140 date sbetw e e nSepte mbe r
1 997a nd May1 999. [m age c o verage is gr e atly redu c ed bythe he a vy clo ud
c ove rofthis area, but the data should be e xtre m ely u s eful fo r sho w lngthe
spatialpatte rn s ofs u rfa c ephytopla nkto npre s e nt[ybeing m o nito r ed by ship
s a mple s a nd bu oytim e s e rie s a spa rt ofo n-go [ ng r e s e a r ch. Pr ob[em sinthe
Se ada s o utputa r e e vide ntfro mtheIa rge n u mbe r ofn egativ e r adia n ce v a[u e s
c omputed at sho rte r w a v ele ngths, which c a u s e･o v e r e stim ate sin the deriv ed
chlorophy” v alu e s. Ex a mp[e s a re show n of･signific antim ages, a nd of
c o mpa ris o n s ofthe chlo r ophy[1v alu e s with ship m e a s u r e m e nts. T he effe cts of
th 6n egativ e radia n c e s a nd the r e s u)ts ofa simple ad-ho c c o mpe n s atio n a r e
als odisc u s sed. Futu r ep[a n sfo r c o‖e ctio n ofs u rfa c e a nd s ate[[ite data ar e
pre s ented.
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Intr odu ctio n
The ■impo rta n c eof s atellite im ages of c oastal a nd ofFsho r e w ate r c o一 u r
patte r n sfo r sho w l ngthe spatiala ndtempo r a[v a riab 川tyofpnm a ry pr odu ctivity
is n o w wideLy re c ognisedL Afte rtheinitial de m o n str atio nby N A S A
'
s C ZC S
im age r, data w e refir stpro vided byJapa n
'
s O C TS im age r a nd a re n o wbeing
r egula rly pro vided bythe Se a wifs_
in stru m e nt･ hllPr O V ed s ate[lite -bo mim age rs
(M O DISa nd M E RIS)wills o on beLa u n ched byboth N A S Aand･ES A.
Se a wifsim age data a r e a v ailable.
a sglobal m o s aic edprodu cts with abo ut10
km spatialre solutio n･ Highe r r e s olutio n(1 km)im age rycapalso be re c eiv ed
diredly u sJ nglo c a[tr acking a nte n nasL Seawifs s atellite I m age s Of the B C
c o a st a nd Gulfof Ala ska ha v ebe e n c oI[e cted at IO Ssin c ethe fir st
tr a n s mis sio n sbega nin Septe mbe r1997. Im age s a re r e ceived a nd sto r ed
u singlo w- c o stha rdw a re, a nd a rede - c rypted using de一ayed(re s e a rch)keys
pr o vided o v e rtheinte r n eta spa rtof N A SA
'
s s uppo什tointe m atio n a(re s e a r ch･
Data a r e c o n v e rted to level 0a nd a
q
c opyrs s e ntto N A SA. A simple
pr o c e s sing ofthe datagiv e squick-lo ok im age s ofa nindividu al ba nd(u s u aI[y
ba nd 3
.
4 90n m) with a fir st- o rde r atm o sphe ric c o rrectio nthatsho w s w ate r
c o一o u rfe atu r e sin c[o ud-fre e a r e a s, Im age s s el cted fr o mthe s equick-lo oks
a r ethe npr o c e ssed to ge o m etric aLly c o rre cted(Le v el 3)produ cts u singlthe
Se ada s s o什w a r e.
T his pape r repo托s o n afir st a s s e s s m e nt ofthe res ulting s e rie s of im age s,
which sho w wate r-[e av[ngr adia n c e a nd ch]o rophy]I distributio n s o n abo ut140
date s(tho ugh withsignific a ntc一o ud c o v e r)betw e e nSepte mbe r1 997 a nd May
1999.
Se ada s r e s ults
The Se ada s s oftw a r epr odu c e sLe v el 1and Le vel2 data ofc o mp一ete.Se a wifs
pa s s e s, a nd als oprodu c e s m a.pp
ed(Le v e一3)produ cts ofspe cified a r e a s二
Le v e一2 a nd 3 data sho wde riv edprodu ctsfo r e a chpix el,in cluding n o r m alis ed
w ate r-le a ving radia n c e sin the fir st5 spe ctralba nds(c e nte red at41 2, 4 43,
490
,
510
,
a nd 555n m)a nd chlo r ophy”c o n c e ntr atio n s. 1 6 flagsfo re achpix e一
indic ate conditio ns ba s ed o n Se a wifs data (blo o m s, tu rbidity a nd othe r
a n o m alie s), ge o metry(s u n a nd s ate[lite a ngle s, s u nglint)othe rdata ba s e s
(ra nd, shaL[ow w ater). s e etable 1, be[o w. T he s ef[ags pr o vide m u ch ofthe
diagno sticinfor mation u sefulininte rpretingtheim age s, a nd in clude o n eflag.
fo r co cc olithophore s, that atte mpts a nide ntific atio nthro ugh the spe ctr aL
s lgnatu r e m e a s u r ed bySe a wifs.
Figu r e1 sho wsfo urim age s(Leve[3 data)derived fr o mthe Se a wifs pa s s o n
2 8May1998ofthe Va n cou v e rIsla nd a r e a, whic
Jh w a s e spe ciallyc[o ud-free at
the tim e･ The a reais defined by 512 X 512pix els e a ch c o v e r[ng 1100m
squ a re, c e nte r ed at49 N, 1 26 W(cy一indric alpr ojectio n with equ a[ x a nd y
s c ale at the image c e ntr e). Theimages sho w c o mputed n o r m alised w ate r
le a ving radian c e s at 443n m(toplen), 4 90nm (top right)a nd555n m(bottom
left). T he chlo r ophy[1co n c e ntr atio nim age,de riv ed fr o mthe r atio ofthe 490to
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the 555 n m-r adia nce, is sho w n atboto m right. Sc ale sat the top ofe ach
im age sho wthe radia n c e o r chlo r ophy”values c o rr espondingto e a ch c olo u r･
T he r adl
r
an C e scaleincludes n egativ e v aJu e s, which a r e c o m monin Se adas
outputinthisge ographic a r e a.
A signific a nt blo o m ofa str o ngJy- s c atte ring phytopLa nkto nisinprogr ess offthe
w e st c o a st of Va n c o uv e rlsla nd. Land js m a sked (to da rk b[u e)fro m a
database in cluded in Se ada s. Clo ud is m a sked to bla ck u s lng a Se a wifs
r adianc ethre shold. A c o a stlin e a nd [atitudeno ngitude grid ha sbe e n ad ded.
T he r adia n c eim age s sho w high v alu e sbetw e e n49a nd 50 degr e e s n o rth
一atitude, indicating the pre s e n c e of s c ate n ng m ate rial, pr e s um ably
phytopla nkto n o rits de c ay pr odu cts. The chlorophylLim age, in co ntra st,
sho w shigh v alu e sin a re a swhe relo w radia nce at490 nm (toplef(im age)is
ass u m edtoindic ate str o ng abs o rptio nbyhigh c o n c e ntr atio n s ofch[o rophy” a
plgm e ntS. O ffthe n o rth- w e st tip of Va n c o u v e rlsla nd a nd in a strip alo ngthe
w e st c o a st of Wa shington State (botto m right of the im age s)the high
chlo r ophylris a s s o ciated with in c r e a s ed s c atte r at555n m(lo w e rlef=m age).
T hr e epote ntia[s o u r c e s ofe rr o rinthedata a re :
- o v e r c o mpe n s atio nfo r atm o sphe ric r adia n c e(c o mputed r adia n c e s at
4 9 0n m a rethe nto olo w)
- degradatio n ofthe Se a wifsin stru m e nt le adingto c alibratio n e rro r s,
which a r e e xpe ctedtoha v e agr e ate r effe ctatsho托er w avele ngths
.
- pre s e n c e ofothe rdis s olv ed o rga nic m ate ria一in the w ate r n e arthe
c o a stc o ntributed byfresh w ate r r u n- offfro mra nd(a n othe r c a u s e of ro w
radian c e at490n m, butn otindic ating chlo r ophyl[)
Err o r sin c o mputed w ate r-[e a v[ ng radia n c e s a r e cl a rly de m o n strated by
n egative v alu es. Se a wifs m e a s u r e s radia n c e at a w a v e一e ngthof41 2n m,
whe rethe atm o sphe ric radia n c e c o ntrTbutio nis extre m e[yhigh, s othata sm a”
e r o rcan r e s u[tin n egativ ede riv ed w ate r-le a ving r adia n c e s. 1fthe n egativ e
v alu e s a r edu eto a n o v?r e stim ate in the atm o sphe ric c o rr e ctio n, the nthis
implie s e rrors atlo nge r w ave一engths, m o stimpo rta ntlyjn the 490n m v alu e s
u s edin c alc ulatio n ofcMo r ophy”c o n c e ntratio n s.
T he third sou rqe of e rro rdu eto dis soLv ed o rga nic m ate rial, is kn o w nto be
s lgnift c a ntin a‖the a re a s sho w lng high c川o rophyL[ in the south
- ea stofthe
im aged a re a. Su rfa c e w ate r along the w e st coa st of Wa shingto n State
c o ntain s w ate rfr o mthe Colu mbia a nd lo c alc o a stalriv e r s. S he[te r ed w aterto
the e a st of Va n c o u v e rIsla nd is stro ng[y affected by o utflo wfr o mthe Fras e r
Riv e r. T hefre sh w ate rfr o mthe Fr a s e r riv e r c o ntain s v e ryhighc o n c e ntratio n s
of diss olv ed o rganic a nd s u spe nded m ate rial. The s u spended m ate rialc a u s e s
a stro ng In creas ein w ate r-]e avlng r adia n c e, typIC a[ly o v e r a n a re a1 0 km by
10km n e a rthe riv e r m o uth. T hisis m a sked in Seada s o utput, a nd is visible
a sthe b[ack a r e ain the chlo r ophy[l im age. Dissolv ed o rga nic m ate ria一
redu c e s w ate rle a v ingradia n c e atsho什 w a v el ngths o v e r a m uch la rge r area .
-1 2 -
Table1:F[ags provided fore a ch pixelof Se a wifs data bythe Se ada s
s o冊w a re
1 Atm o s. Co rre ctio nfailu r e
2 Land
3 Mis sing anciIEa rydata
4 Su ng[int
5 Radia n c e> knee
6 La rge s/c z e nith a ngle
7 Sha”ow w ater
8 Negativ e nLw
9 Stray[ight
10 Clo ud o ric e
ll Co c c olithopho r e s
12 Turbidc a s e2 waters
1 3 Lar〔】e s ola r z e nith Anqle
14 H由ha e rosoL
'
co n cn.
1 5 Lo w nLw at55 n m
1 6 C hlo ro. Atgo rithm failu r e
Figu re2 sho w sthe 16 m a sks co mputed bythe Se adas s oftw a refo rthe data
sho w njn Figu re1. Ma sks ar e sho w nin the o rde rlistedin table 1. On e
inte r e stingr e s ultistheidentific atio n ofc o c c o[ithopho r e s a sbeing r espo n sible
fo rthe a re a ofele v ated ch[o r ophyLln oted abo v e offthe northtip of Va n c o u v e r
lsla nd･ A signific a nt flagis thatfo rn egativ e r adia n c e s, sho w lngthat m o st
othe r a r e a sofhigh chlor ophylla re affe cted bythis erro r･ This a nd othe rflags
indic ate s m a” a r e a s n e a r edges ofclo ud a nd la nd whe r e v a rio u sproble m s
o c cu r･ T he o n一y e xte nded a re a whe re atm ospheric c o rre ctio nfailu reis
flagged is o v e rthe Fr a serRiv e rp一u m e whe r ethe high w ate トIe a ving radiance
levels w o uld be e xpe ctedto c a u s epr oble m s･ T he sha=o w w ate rflagis ba s ed
o ndata with Lo w spatialr e s o]utjo n a nd is n ot u s efulinthe ste eptopography of
this a r e a.
Co mparis o n with s u rfa c edata
A s e rie s of chlo r ophyrlm e asu r e m e nts ha v ebe e nm ade du ring the Se a wifs
tim epe riodto pr o videdatafo rCa n adia n studie s ofcoastalprodu ctivitya spa rt
oftheinte r n atio n al JG O FSprogr a m. Cr uis e s w e r e u nde rtaken in Octobe r
1997
.
May,Julya nd Octobe r1998and May1999･ Aprogr a mto pro videtim e
s e rie s ofs u rfa c e chlorophy[lfro m s u向 c e m et o ro[ogic al bu oysis u nde r w ay
at10 S, but the o nlyte st m oon ng s ofa rin str u m e nted jsin shelte r ed w ate rin
a ninlet too n a rro wtobeim aged bySe a wifs.
Fo rthis first c o mpa riso n w e co nsider ship m e a s u rem nts m ade n e a rthe
lo cation ofthe m ete o r olgl CaJ bu oyo nLa Perous eBa nkat48
O
50
'
Nonh,1 26
0
We st
,
cLo s eto the edge ofthe a r e aof highe st
v aLu eindic ated fo rthislo c ationinthe Figure1datais6.2;.
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7:
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o
.
n
m
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.
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e
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sho w a v e rylo w radia n c eat 443at thislocation a nd a n eg叫v e v a一ue at412
n m,indic atingthat this chlorophyllc o n c entr atio nisprobablyo v ere stim ated･
Figure 3 sho w sthe fr equ e n cydistributio n of chlo rophyL[v alu e stake nfr o m
Se ada s o utput at this lo c atio nfo rthe 70 im age s at which the s o凡w a re
indicated the a re ato be c[o ud-fr e e, T hisis c o mpa redto a simila rdistributio n
de riv ed fr o m ship m e a s ure m e nts o v e rthe shallo w w ater ofthe c o ntin e ntal
shelfwithin 15 nautic al mite s ofthis bu oylo c atio n o v e r alla v a‖able c r uis e s･
T he distributio nde riv ed fr o m s ate[lite data sho w s aLa rge n u mbe r of high
chlo rophy[lv alu e s, which do n otappe a rin the shipdata･ Poo ratm o sphe ric
c o rre ctio n o rSe a wifs calibratio n e rr o rs, a sindic ated by the pr e s e n c e of
n egative r adia n c e s, m ay e xp[ainthis dis c r epa n cy.
Figu re4 show sthe fr equ e n cy distributio n of radian c e s at412n m at this
lo c atjo n. 1tc a nbe s e e nthatthe v a stm ajo ritya r e n egativ e. lnthe abs e n c e of
othe rinfo r m ation, a m o re a c c u r ate v alu e ofthe n egativ e radia n c e v alu e s at
412 n m c a nbetake n as. z e r o. One simple ad-hoc c o rr e ctio npr o c edu r eisto
the n a s s u me a n e rro rin the Rayleigh(九
4
po w er)co rre ctio nfo r atm o sphe ric
s c atte ring, a nd apply a s c aTed additv e c o rr e ctio nto al[ Se a wifsba nds. lfthe
e rr o risinfa ct o nlyinthe 412 ba nd(d.u eto s e n s o rdegradation o r a c alibr atio n
cha nge) then s u ch a c o rre ctio n m ay o v e r- c o mpen s ate othe r ba nds･
Inspe ctio n ofthe data sho w s n egativ e v aLu e s at443 n m a nd o c c a sio n alv e ry
lo wpo sitiv e v alu e s at490n m, sho wing s om elink betw ee nba nds･
The effe ctofthis c o rr e ctio nisindic atedbythe dottedfr equ e n cydistributio nin
Figu r e4,in which a= v alu e sgr e ate rtha n30mg･ m
-3 a re n o w re m o v ed a nd
v alu e sbetw e e n1 0a nd 30a regr e atlyredu c ed. Ho w ever, the m e a n v a[u eis
n o w shifted significa ntlybelo wthe me a n ofthe ship obs e r v atio n s. s ugge sting
that a dife re nt m ethod ofpropagating e rr o rsbetw e e nba nds m aybe m o r e
ap propriate .
Figu re5 show sthe data c o mpa ris o n a s atim e se rie s･ T he o ｢lg n a[ Se a wifs
data valu e s a r ehigh in s u m e r a nd als oindic ate apo s sible
l'
spn ng bloom
''
peak in Mar ch, Av e rage v alu e s c o mputed for the m o nths in which ship
c ruis e s o c cu rr ed sho w m u ch 一e ss c ontr a st. The July1998cr uis edo e s n ot
c o nfir mthe high s u m m e r v aLu e ss e e nbySe a wifs, but the Se a wifstim e s e rie s
s ug ge sts that timl ng Ofthe c r uis e s m ay e xplain s o m e ofthe la ck of high
va[ue sin Figu r e4･ App[yingthe s am e corre ctionto Se a wifsdata a sin Figur e
4 r e s ultslin the dottedtim e serie sin which s u m m e r v aLu es a re r edu c ed to
be仕e r a ver age agree m e nt withshipdata, but data at other m o nths appe ars
to oLow . T he
J'
sprlngb】o o m
l'
obs e rv atio nin March1998 ha s n o wdis appe a r ed,
sho winga stro ng effe ctofthe
`■
negatjv e radia n c e
''
e ro r o nthis obs ehl atio n･
Se a wifs datainte m atco n siste n cy.
on 7 date s, u sable data w a s c o[Iected as Sea wifs obs e rv edthe La Pe ro u se
site twic e, once o nthe w e ste r n edge ofthe s w ath(low pix el n u mbe r)a nd
o n c e a n o rbit late r
,
o nthe ea ste rn edge ofthe s w ath(high pix eL n umbe r)･
since [itle o r no cha ngeis e xpected in chlo r ophyn c o n c e ntr atio nin s uch a
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sho rt time (abo ut 100min ute s) comparis o n ofthe tw o c omputed value s
pr o vide s ate早tOfthe a c cura cyofthe Se ada s re s ults.
Tab[e 2:Datafr o mdate s on whichthe La Pe ro u s e site w as obs e r v ed
twice by Se a wifs (o n c on sec utiv e o rbits). The table sho w sthe tw o
Pix e[s n u mbe rs atwhich the site w
.
a sim aged(inthe r ange 1 to1285)7
thetw o r adian c e v alues at412n m ln u nits ofm w ･c m
･2
1Pm
1
1 S r
-1
,thetw o
chlo r ophyl事v alues c o mputed by Se ada s, a nd the tw o valu e s afte r
correctio n a s abov e.
Date Pix el l Pix e1 2 L 412 1 L 412 2C hll Ch[ 2 Co rrC l Co rrC 2
98031 8 196 1185 - .32 I .8 0 4
. 54.0 2,5 2.8
980331 128 1141-
.52 ー .8 3 1. 1.7 0,9 0.9
98051 2 160 11 60I
.31 - .7 4 1.2 1.0 1.0 0.8
98061 2 182 11 70- ,46 - .5 3 46.1 30. 6.4 6.0
98071 3 207 11 82＋
.03 - .5 9 3.9 21.6 4.1 3.2
980804 178 11 79- .25 -
.5 8 1 0.1 1 5,0 6.4 5.2
990331 150 11 57･ .42 -1.00 2,6 4.5 2
.
2 2.3
Table 2 sho w sthatal[ buto n e of the radia n c e v alu e s a r e ngativ e. Thereis a
c o n site ntbia sinthatradia n c e s m e a s u red o nlhelate rpas s a r e co n side r ably
m o re n egativ e(theyin cEudethe m ostn egativ e vaJu e obs e rv ed at this site of -
l･0)I Se adas chlo rophyllo utput sho w s s o m ehigh valu e s with large
in c o n siste n cyinthe pairs･LCo rre ctedv alue s a r e c o n side r ably m o r e c o n siste nt,
s ugge stingthatso m e c orr e ctio n a spropo s ed he resho uld be abLetoimpro v e
thedata at this site and atsim‖a rco a sta[site s r o u nd the w o r一d.
Futu r epla n s.
Se a wifs data w l
'
” c o ntin u eto be re c eived at [O S; a nd w e a nticipate
impr o ve m e nts in data pr o c e s s)ng s oftw a r e which wiLIc o rre ctthe proble m s
n oted abo v e･ Ne wdatafr om M ODESa nd M E RISwiL[ be applied a stheyc om e
a v ailab一e.
Apr ogra mis u nde r w ay at[OSto addopticaEs en so rs(in c[udingflu o r o m ete rs)
to so m e ofthe 17 s u rfa c e m ete o r olgic al bu oys alo ng a nd o斤the w e st c o a st
of Ca n ada･ The s e bu oys pr o心ide weathe r
_
a nd o c e a ndata fo r the
En vir o n m e nt and the Fishe rie s depa rtm e nts of the Ca n adia n fede ral
go v e r n m e nt. T he sta nda rd buoys m e as u r e wind spe ed a nd dire ctio n. w a v e
heighta nd spe ctr u m, s u rfa c e w ate r a nd air te mpe r atu re a nd atm o sphe ric
press u re占nd tran s mit thedataho u rlybys ate](ite. The n e w s e n s o rs,in stalled
o ntw obu oys s ofa r, m e asu reinsoLatio n, w ate r c ol u r a nd flu o re s c e n c e. T his
datais als otr a nsmited ho u r[y. A s arin o m et r a nd a c o u sticprofile rha sbe e n
ad ded to o n epa ckage･ T he first tim e serie sfrom the prototype m o o rl n9
sta rted atthe e nd of 1 997 in Sa a nich lnlet
,
n e a rthe ln stitute of Oc e a n
Sciences･ T hislo catio nisin too n a rro w a ninletto beimaged by Se a wifs.
So me data ha s als obe e n c olle cted fr o ma s e c o nd bu oy offthe Fr a s e rRiv e r.
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Fo uling by m a rin egro wth is a majo rPr oblem , buttim e s
.
e rie s of data a r e
available. Data fro m the prototype bu oy c a nbe vie w ed at hup://w w w
-
s ci.pat.dfo- mpo.gc. ca/e c obu oys.
Co n e)usion s
Ma ny pr oje cts With g[obalimpll C atio n s s u ch a sJ G O F S
:depe nd o n r e s e a r ch
c a rried outin coastala r e a s. 1t isthe refo reimpona nt thatSe a wifs data sho uld
be c alibrated a nd c o rr e cted adequ ate[y to pr o vide go od data n e a r shor e
whe re w ate rpropenie s are co mple x a nd sho托 w a v e[ ngth r adia n c e s m aybe
r elativ elylo w. Fullres olutl
'
o n(1 km)Se a wifs data a r e needed to r e sdv e
patte m sin the s e a re a s. Futur e se n s o rssu ch a s M O DISa nd M E RISwill
pro vide highe r spatia[re s olution and the spe ctr a[ ba nds n e eded to dete ct
sola トStim ulated chlo rophyll flu o r e s c e n c e a ndto bette r cha r a cte ris einte n s e
pla nkto nblo o m s(r edtide s).
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Figu
.
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